WORLD INTELLECTUAL PROPERTY ORGANIZATION 
Internationa! Bureau 




PCT 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 7 : 
G06F 3/14, G09G 1/16 



Al 



(11) International Publication Number: 
(43) International Publication Date: 



WO 00/14626 

16 March 2000 (16.03.00) 



(21) Internationa! Application Number: PCT/US99/20839 

(22) International Filing Date: 9 September 1999 (09.09.99) 



(30) Priority Data: 

60/099,821 
09/329,229 



10 September 1998 (10.09.98) US 
8 September 1999 (08.09.99) US 



(71) Applicant: SILICON IMAGE, INC. [US/US]; 10131 Bubb 

Road, Cupertino, CA 95014 (US). 

(72) Inventor: MARTIN. Russel, A.; 481 Vine Street, Menlo Park, 

CA 94025 (US). 

(74) Agents: CARR, John, R. et al.; Fen wick & West LLP, Two 
Palo Alto Square, Palo Alto, CA 94306 (US). 



(54) Title: 



(81) Designated States: AE, AL, AM, AT, AU, AZ, BA BB BG 
BR, BY, CA, CH, CN, CU, CZ, DE, DK, EE, ES, PI, GB, 
GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KE, KG 
KP, KR, KZ, LC, LK, LR, LS. LT, LU. LV, MD, MG, MK 
MN, MW, MX, NO, NZ, PL, PT, RO, RU, SD, SE, SG SI 
SK, SL, TJ, TM, TR, TT, UA, UG, UZ, VN, YU, ZA, Zw' 
ARIPO patent (GH, GM, KE, LS, MW, SD, SL, SZ, Ug' 
ZW), Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU Tj' 
TM), European patent (AT, BE, CH, CY, DE, DK Es' Fl' 
FR GB, GR, IE, IT, LU, MC, NL, PT. SE), OAPI pateni 
(BF, BJ, CF, CG, CI, CM, GA, GN. GW, ML, MR, NE, 
SN, TD. TG). 



Published 

With international search report. 

Before the expiration of the time limit for amending the 
claims and to be republished in the event of the receipt of 
amendments. 



B I— DIRECTIONAL DATA TRANSFER USING THE VIDEO BLANKING PERIOD IN A DIGITAL DATA STREAM 



i-o 



.4 
4 



9= 



405d 



0~ 



Ractivtf 
407 



i 



Tf*ntmt»tr 
411 



< 
<3 



yTinpniriii 



(57) Abstract 



DISPLAY 
402 



reasonstrlfi S^'oT^^^ 8 H — • *« are ™ny 

describes a method of sending digital data from a monltaH^T tn Z* connecting a computer and a monitor. This invention 

data in a forward direction, iLnm^Sj^S^^^^TT'" 1 " direCti ° n - In Emission of digital pixel 

synchronize the digital pixel data To a c ockl gnat In such a Tv5 em ^tt^ wh ' ch „ s P ecial c . haracte ^ ™ transmitted in onler to 
of the blanking periods. During me remainder fo lV hifnti Y tran f»«K» of these special characters only requires a portion 



>:<WO 0O14626A1 I > 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT. 



AL 


Albania 


ES 


Spain 


LS 


Lesotho 


SI 


Slovenia 


AM 


Armenia 


FI 


Finland 


LT 


Lithuania 


SK 


Slovakia 


AT 


Austria 


FR 


France 


LU 


Luxembourg 


SN 


Senegal 


AU 


Australia 


GA 


Gabon 


LV 


Latvia 


SZ 


Swaziland 


AZ 


Azerbaijan 


GB 


United Kingdom 


MC 


Monaco 


TD 


Chad 


BA 


Bosnia and Herzegovina 


GE 


Georgia 


MD 


Republic of Moldova 


TG 


Togo 


BB 


Barbados 


GH 


Ghana 


MG 


Madagascar 


TJ 


Tajikistan 


BE 


Belgium 


GN 


Guinea 


MK 


The former Yugoslav 


TM 


Turkmenistan 


BF 


Burkina Faso 


GR 


Greece 




Republic of Macedonia 


TR 


Turkey 


BG 


Bulgaria 


HU 


Hungary 


ML 


Mali 


TT 


Trinidad and Tobago 


BJ 


Benin 


IE 


Ireland 


MN 


Mongolia 


UA 


Ukraine 


BR 


Brazil 


IL 


Israel 


MR 


Mauritania 


UG 


Uganda 


BY 


Belarus 


IS 


Iceland 


MW 


Malawi 


US 


United States of America 


CA 


Canada 


IT 


Italy 


MX 


Mexico 


uz 


Uzbekistan 


CF 


Central African Republic 


JP 


Japan 


NE 


Niger 


VN 


Viet Nam 


CG 


Congo 


KE 


Kenya 


NL 


Netherlands 


YU 


Yugoslavia 


CH 


Switzerland 


KG 


Kyrgyzstan 


NO 


Norway 


ZW 


Zimbabwe 


CI 


C6te d'lvoire 


KP 


Democratic People's 


NZ 


New Zealand 






CM 


Cameroon 




Republic of Korea 


PL 


Poland 






CN 


China 


KR 


Republic of Korea 


PT 


Portugal 






CU 


Cuba 


KZ 


Kazakstan 


RO 


Romania 






CZ 


Czech Republic 


LC 


Saint Lucia 


RU 


Russian Federation 






DE 


Germany 


LI 


Liechtenstein 


SD 


Sudan 






DK 


Denmark 


LK 


Sri Lanka 


SE 


Sweden 






EE 


Estonia 


LR 


Liberia 


SG 


Singapore 







--.wRnnrirv ^wn 



WO 00/14626 



PCT/US99/20839 



BI-DIRECTIONAL DATA TRANSFER USING 
THE VIDEO BLANKING PERIOD IN A 
DIGITAL DATA STREAM 

INVENTOR: RUSSEL A. MARTIN 

BACKGROUND OF THE INVENTION 

Most computer systems consist of a processor unit and a number of peripheral devices 
coupled to the processor unit. The peripheral devices send and receive information to and from 
the processor and, typically, each peripheral device is separately connected to the processor unit 
by an individual set of cables, with each set of cables having a number of wires. The wires may 
be used for transferring information from the processor unit to the peripheral, as in the case of 
digital pixel data transferred to an active matrix flat panel display; or, the wires may used for 
transferring digital information from the peripherals to the processor unit, as in the case of digital 
data transferred from a keyboard or mouse to the processor unit. The information may be 
transferred serially or in parallel, depending upon the number of wires and the communications 
protocol used to transmit the information. 

FIG. 1 illustrates a conventional computer system 100 having a processor unit 101 and a 
number of peripherals coupled to the processor. The peripherals include a keyboard 102, a mouse 
103, a display 104, a digital camera 105, and a pair of speakers 106a and 106b. As shown in FIG. 
1, each of the peripherals is coupled to the processor unit through an individual cable assembly. 
Accordingly, the display 104 is coupled to the processor 101 through cable assembly 110, the 
keyboard 1 02 is coupled to the processor 101 through cable assembly 1 1 1 , the mouse 1 03 is 
coupled to the processor 101 through cable assembly 112, the digital camera 105 is coupled to the 
processor 101 through cable assembly 1 14, and the pair of speakers 106a and 106b are coupled to 
the processor 101 through cable assemblies 1 15a and 1 15b. Each cable assembly may require a 
number of wires for communicating information back and forth between the processor 101 and the 
particular peripheral. As can be seen from FIG.l, this conventional computer system 100 requires 
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a large number of wires to be coupled directly to the processor 101 . This configuration is 
undesirable for a myriad of reasons, which should be obvious to one of ordinary skill in the art. 

In order to reduce the number of wires that the user must connect to a processor unit, 
information may be sent to and from a hub system over a limited number of wires coupled 

5 between the processor and the hub system, where the information is then routed to the proper 
peripheral. The hub system may be designed as a stand alone device or it may, preferably, be 
implemented within one of the peripherals, with each of the other peripherals being coupled 
thereto. FIG. 2 illustrates a computer system 200 having a hub system 201 coupled to a processor 
unit 202. In the prior art embodiment illustrated in FIG. 2, the hub system 201 is implemented 

10 within a display 203 and is fully integrated within the display 203. Additional peripherals, such as 
a keyboard 204, a mouse 205, a digital camera 206 and a pair of speakers 207a and 207b are each 
coupled to the hub system 201 . The hub system 201 acts as a pass through port or routing system 
and routes information between each of the peripherals and the processor unit 202. 

As shown in FIG. 2, the processor unit 202 and the hub system 201 are coupled together 

is by two different cable assemblies 21 0a and 210b. Preferably, one of the cable assemblies 210a is 
used for transferring digital pixel data to the display 203 in a first direction; and, the other cable 
assembly 210b is used for communicating serial digital data back and forth between the processor 
unit 202 and each of the other peripherals coupled to the hub system 201. Each cable assembly 
has a limited number of wires, such that this configuration is preferable over the prior art system 

20 illustrated in FIG. 1 . In a conventional computer system, cable assembly 210a may be configured 
to transmit digital pixel data to display 203 using any one of several applicable transmission 
protocols such as TDMS (Transition Minimized Differential Sensing), LVDS (Low Voltage 
Differential Sensing), or analog RGB communications. Cable assembly 210b may be configured 
to transmit digital data using any applicable digital communications protocol such as the USB 

25 (Universal Serial Bus) standards. 

Digital pixel data intended to be displayed by display 203 is received over the first cable 
assembly 210a, retained, and properly processed for display by the display 203. The serial digital 
data intended for any of the other peripherals is received over the second cable assembly 210b, 
passed through the hub system 201 , and routed to the proper peripheral. Accordingly, each of the 

30 other peripherals sends information to the processor unit 202 or receives information from the 

2 
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processor unit 202 through the hub system 201 over cable assembly 210b; while the display 203 
receives digital pixel data over cable assembly 210a. 

In a computer system wherein TDMS communications are used for transferring digital 
pixel data, cable assembly 210a will include four twisted wire differential pairs. Alternatively, in 
a computer system in which LVDS communications are used for transferring digital pixel data, 
cable assembly 210a will include five twisted wire differential pairs. In TDMS communications 
one twisted wire differential pair is used for each of the primary red, green and blue digital pixel 
data streams and the fourth twisted wire differential pair is used for transmitting a clock signal. 
Systems which use LVDS communications transmit digital pixel data over four dual wire pairs, 
with a fifth dual wire pair used for transmitting a clock signal. Twenty four bits of the digital rid, 
green blue pixel data are transmitted over four dual wire pairs with six bits per dual wire pair in ' 
order to achieve a high transmission rate. Both TMDS and LVDS communications require a 
horizontal video blanking period between the transmission of digital pixel data for each line in a 
display, and a vertical blanking period between the transmission of each frame to be displayed. 

* FIG. 3 further illustrates the communication of digital pixel data over cable assembly 210a 
between processing unit 202 and display 203 in a computer system which utilizes TDMS 
communications. As shown, a transmitter 301 is implemented within the processor 202 for 
transmitting digital pixel data from the processor 202 to the display 203. A receiver 302 is 
implemented within the display 203 having a hub system for receiving digital pixel data for 
display from the processor 202. Cable assembly 210a is comprised of four twisted wire pairs, 
with a first twisted wire pair 305a used for transmitting red pixel data from the processor 202 to 
display 203, a second twisted wire pair 305b used for transmitting green pixel data from the 
processor 202 to display 203, and a third twisted pair 305c used for transferring blue pixel data 
from the processor 202 to display 203. The fourth twisted wire pair 305d is used for routing a 
clock signal from the processor 202 to the display 203 for synchronizing the digital pixel data at 
the receiver 302. Further, as shown in FIG. 3 an enable signal DATA ENABLE is coupled to 
transmitter 301 . When the DATA ENABLE signal is active, digital pixel data is actively 
transmitted over twisted wire differential pairs 305a-305c to display 203 . 

FIG. 4 illustrates a timing diagram which shows waveforms for the forward transfer of 
digital pixel data to the display 203. As shown in the timing diagram, when the DATA ENABLE 

3 
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signal is active, digital pixel data for a single line in the display is transferred to display 203 over 
twisted wire differential pairs 305a-305c. When the DATA ENABLE signal is inactive, no valid 
digital pixel data is transmitted over the twisted wire differential pairs 305a-305c. Between lines 
this is known as the horizontal video blanking period. Between frames this is known as the 

5 vertical video blanking period. FIG. 4 illustrates both the horizontal and vertical video blanking 
periods. As shown, the vertical blanking period is much longer than that horizontal video 
blanking period. A brief sampling of synchronization data is pulsed over all three twisted wire 
differential pairs 305a-3O5c during the horizontal and vertical video blanking periods in order to 
resynchxonize the three color channels (red, green and blue) before digital pixel data for a next 

io line to be displayed or a first line in a next frame is transferred. However, as shown in FIG. 4, the 
transmission of the synchronization data is only a small segment of the horizontal or vertical 
blanking period. During the remainder of the horizontal and vertical video blanking periods no 
data is transferred over the three twisted wire differential pairs 305a-305c. 

It is understood that almost all know methods or protocols used for transferring digital 

15 pixel data to a display (such as TDMS, LVDS and analog RGB signaling) each require horizontal 
and vertical video blanking periods between the transmission of digital pixel data for each line in 
the display, or between each frame to be displayed. The length or duration of the horizontal or 
vertical video blanking periods may vary from system to system depending upon the type of 
communications protocol used and the number of pixels per line (i.e. the size or dimensions of the 

20 display). The current invention uses these video blanking periods for the bi-directional 

communication of digital data in a reverse direction from a display with built-in hub system to the 
processor. 

Referring again to FIG. 3, cable assembly 210b will also include a number of wires for 
transferring digital data back and forth between each of the peripherals coupled to the display with 
25 built-in hub system and the processor unit. The number of wires is dependent upon the particular 
system configuration. For example, it is desirable to be able to transmit digital data from the 
digital camera to the processor, while also transmitting data from the mouse or keyboard and 
accordingly multiple wires are required. Accordingly, as shown in FIG. 3, the processor unit 202 
further includes a receiver 310, while the display 203 with hub system includes a transmitter 315. 

4 
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The transmitter 315 of the display 203 with hub system routes digital information incoming from 
the other peripherals coupled to the display 203 to the receiver in the processor 202 

While the computer system illustrated in FIG. 3 may reduce the overall number of cable 
assemblies coupled directly to the processor 202, it is still undesirable because it still requires a 
large number of wires and two different cable assemblies. Accordingly, what is needed is a 
simpler system for linking the processor unit with the hub system without requiring multiple 
cabling assemblies which also reduces the number of wires coupled to the processor, thereby 
reducing costs and improving the ease of use of the system. 

SUMMARY OF THE INVENTION 
Digital pixel data is transferred from a computer system to video display hardware in one 
direction using a known communications protocol such as TDMS or LVDS. However, there are 
many reasons for digital data to be transferred in an opposite direction from any number of 
peripherals to a processor in the computer system. This invention describes a method of sending 
digital data from any number of peripherals to a processor in a computer system in a reverse 
direction over a set of lines couple between the processor and a display. Transmission of video 
data over a set of lines coupled between.the processor and the display typically requires horizontal 
and vertical video blanking periods during which special characters are used to resynchronize the 
forward transmission of a next line or a first line in a next frame of digital pixel data to a clock 
signal. In such a system, some or all of the forward direction data paths can be "turned around" in 
order to transmit digital data in a reverse direction during the horizontal and vertical video 
blanking periods. The beginning and end of the usable .portion of the horizontal and vertical video 
blanking periods may be automatically programmed such that all of the lines may be used for 
reverse transmission of digital data, wherein the usable portion is predefined and all lines 
automatically switch back and forth from forward direction to reverse direction and back again at 
predefined times. Alternatively, one of the lines may be used to mark the usable portion of the 
horizontal and verical video blanking periods, wherein all other lines are "turned around" and the 
one line continues to transmit data in a forward direction, thereby indicating the useable portion of 
the horizontal and vertical video blanking periods. A separate line carrying a clock signal may be 
used to clock data in both directions of data transmission. 
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BRIEF DESCRIPTION OF THE DRA WINGS 

FIG. 1 illustrates a conventional computer system having a processor unit and a number of 
peripherals coupled to the processor; 

FIG. 2 illustrates a conventional embodiment of a computer system having a hub system 
coupled to a processor unit which utilizes two uni-directional cable assemblies for 
communications between the processor unit and the hub system; 

FIG. 3 illustrates a prior art system for transmitting digital pixel data in a forward direction 
over a first set of wires coupled between a processing unit and a display and receiving digital data 
in a second direction over a second set of wires coupled between the processing unit and the 
display; 

FIG. 4 illustrates a timing diagram which shows waveforms for the conventional forward 
direction transfer of digital pixel data to a display; 

FIG. 5 illustrates a preferred embodiment of a computer system having a processor and 
display terminal coupled together with bi-directional data transfer over a single set of wires in 
accordance with the present invention; 

FIG. 6a-6b illustrate waveforms showing the transmission of digital data in a reverse 
direction in a preferred embodiment of the present invention; 

FIG. 7 illustrates an alternate embodiment for bi-directional data transfer over a single set 
of wires in accordance with the present invention; and 

FIG. 8a-8c illustrate waveforms showing the transmission of digital data in a reverse 
direction in an alternate embodiment of the present invention. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 
In a computer system having a processor, a video display with built-in hub system, and 
several additional peripherals coupled to the video display with built-in hub system, digital pixel 
data for each line in a video display is transferred from the processor to the video display in a first 
direction over a series of wires or differential pairs whenever a data enable signal is active. When 
the data enable signal is inactive, digital pixel data for and corresponding control signals for a next 
line in the video display are resynchronized. This is known as a horizontal video blanking period. 
During this horizontal video blanking period, no valid digital pixel data is transferred over the 

6 
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series of wires or differentia] pairs. Further, between frames, the data enable signal is also 
inactive and digital pixel data and correspondmg control signals for a first line in a new frame to 
be displayed are synchronized. This is known as the vertical video blanking period. The 
invention allows for bi-directional data transfer over the series of wires or differential pairs 
coupled between between the processor and the video display with built-in hub system during the 
horizontal and vertical video blanking periods. 

In the present invention, red, green and blue digital pixel data is transferred over a plurality 
of wires in a first direction using a know digital communications protocol such as TDMS or 
LVDS. The digital pixel data is transferred from the processor to the display terminal whenever a 
data enable signal is active. However, when the data enable signal is inactive, then digital data 
may be serially transmitted in a reverse direction from the display terminal with hub system over 
all or some of the wires in the plurality. In this way, bi-directional data transfer is accomplished 
and the number of wires coupled between the processor and display terminal with hub system is 
reduced. 

FIG. 5 illustrates a computer system which incorporates a preferred embodiment of the bi- 
directional data transfer system of the present invention. In the computer system illustrated in 
FIG. 5, a processor 401 includes a transmitter 406, a receiver 410, and a first transmit/receive 
circuit 420 which is coupled to both the transmitter 406 and the receiver 410. In this preferred 
embodiment, a TDMS communications protocol is used to transfer digital pixel data from 
processor 401 to a video display terminal 402 Accordingly, the processor is coupled to a video 
display terminal 402 through four twisted wire pairs 405a-d. Preferably, the video display 
terminal 402 is an active matrix flat panel display; however, it is understood that any other video 
display terminal may be used in alternate embodiments, so long as the communications between 
the processor 401 and the display terminal 402 are in a digital format. The four twisted wire pairs 
405a-d are preferably implemented within a single cable assembly. 

The display terminal 402 includes a receiver 407, a transmitter 415, and a second 
transmit/receive circuit 430 coupled to both the receiver 407 and the transmitter 415. The second 
transmit/receive circuit 430 couples incoming digital pixel data to the receiver 407, which 
receives the incoming digital pixel data and routes the data to row and column driver circuitry 
within the display terminal 402. Implementation of row and column driver circuitry is well 

7 
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known in the art and is not an aspect of this invention. Accordingly, the display terminal 402 may 
embody any type of row and column driver circuitry known in the art for producing a displayed 
image on the display terminal 402. The transmitter 4 1 5 in the display terminal 402 receives 
incoming digital data from a number of peripherals which may be coupled to the display terminal 
402 and transmits this digital data through the second transmit/receive circuit 430 to the processor 
unit 401 . These peripherals may include a keyboard, a mouse, a digital camera, or a pair of audio 
speakers. It is understood that other peripherals may be coupled to the display terminal 402. 

In this way, the display terminal of FIG. 5 is similar to the display terminal illustrated in 
FIG. 2. However, unlike the display terminal 203 shown in FIG. 2, display terminal 402 shown in 
FIG. 5 is coupled to the processor 401 through a single cable assembly having four twisted wire 
pairs 405a-d. No additional wires or wire pairs are required to transmit digital data in a reverse 
direction. Instead, using the bi-directional data transfer system of the present invention, the 
computer system of FIG. 5 is able to transfer digital pixel data from the processor 401 to the 
display terminal 402 in a forward direction, and is further able to transfer digital data from any of 
the peripherals coupled to the display terminal 402 to the processor 301 in a reverse direction over 
the four twisted wire pairs 405a-d within a single cable assembly. 

Preferably, in the system of FIG. 5, the processor generates digital pixel data for display 
on the display terminal 402 and this digital pixel data is transferred in a forward direction from the 
processor 401 to the display terminal 402 over three of the four wire pairs 405a, 405b and 405c 
whenever the data enable signal is active. In the embodiment illustrated in FIG. 5, the digital 
pixel data is transferred using the TDMS communications protocol. When the data enable signal 
is inactive, no valid digital pixel data is transferred from the processor 401 to the display terminal 
402. This may occur during the horizontal video blanking period or the vertical video blanking 
period. During these horizontal and vertical video blanking periods, when the data enable signal 
is inactive, the processor resynchronizes digital pixel data and the clock signal for a next line to be 
displayed on the display terminal or a first line in a next frame. However, the resynchronization 
process requires only a fraction of the horizontal or vertical video blanking period. During the 
remainder of the horizontal and vertical video blanking periods, no valid data is transferred over 
wire pairs 405a, 405b, and 405c while the data enable signal remains inactive. It is during this 
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extra time period that digital data may be transferred back to the processor 401 from the display 
terminal 402 in a reverse direction using the present invention. 

As shown in the preferred embodiment illustrated in FIG. 5, the processor 401 includes a 
transmitter 406, a receiver 410 unit, and a first transmit/receive circuit 420 coupled to both the 
transmitter 406 and the receiver 41 0. As explained above, the display terminal 402 also includes a 
receiver 407, a transmitter 415, and a second transmit/receive circuit 430 coupled to both the 
receiver 407 and the transmitter 41 5. Four twisted wire pairs 405a-d are coupled between the 
processor and the hub system of the display terminal 402. Preferably, the four wire pairs are 
implemented within a single cable assembly. One twisted pair 405a is used for transmitting red 
digital pixel data and control signals from the processor 401 to the display terminal 402, a second 
twisted pair 405b used for transmitting green digital pixel data and control signals from the 
processor 401 to the display terminal 402, a third twisted pair 405c is used for transmitting blue 
digital pixel data and control signals from the processor 401 to the display terminal 402, and a 
fourth twisted pair 405d is used for transmitting a differential clock signal from the processor 401 
to the display terminal 402. 

As explained above, the red, green and blue digital pixel data is transferred from the 
processor to the display terminal whenever a data enable signal is active. However, when the data 
enable signal is inactive, the first and second twisted wire pairs 405a and 405b are used for 
transmitting digital data from any number of peripherals which may be coupled to the display 
terminal 402 to the processor 401 . The third twisted wire pair is preferably used to mark the 
beginning and ending of that portion of the horizontal or vertical video blanking period which 
may be used for bi-directional data transfer. 

Alternatively, all three lines may use for bi-directional data transfer. In this embodiment, 
the system has horizontal and vertical video blanking periods of known duration. Digital pixel 
data may be transferred in a reverse direction from the peripherals to the processor during the 
useable portion of these video blanking periods and all lines may be programmed to automatically 
switch back and forth from forward to reverse direction and then back again at predetermined time 
intervals during the horizontal and vertical video blanking periods. 

FIG. 6a-6b illustrate the transmission of digital data in a reverse direction in a first 
preferred embodiment of the present invention. In this first preferred embodiment, digital data is 

9 
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transmitted in a reverse direction over the first and second twisted wire pairs from the display 
terminal 402 to the processor 401, and the third twisted wire pair 405c is used to track the usable 
portions of the horizontal and vertical video blanking periods which may be used for transmitting 
digital data in a reverse direction over lines 405a and 405b. As explained earlier, when the data 

5 enable signal is inactive, digital pixel data is not transmitted from the processor 402. This occurs 
during the horizontal and vertical video blanking periods. During these video blanking periods, a 
re-synchronization pulse is preferably transmitted over all three twisted wire pairs 405a, 405b and 
405c in order to forward synchronize the lines for the next transmission of digital pixel data. 
Once again, as shown in FIGS. 6a-6b, the re-synchronization pulse is only a fraction of the entire 

JO video blanking period whether the period is horizontal or vertical. During the remainder of the 
video blanking period the twisted wire pairs 405a, 405b and 405c will ordinarily remain inactive 
until digital pixel data for a next line or a first line in a next image to be displayed is transmitted. 
It is during this time that bi-directional data transfer is accomplished using the present invention. 
In the preferred embodiment illustrated in FIGS. 6a-6b, during the video blanking period 

15 the first and second twisted wire pairs 405a and 405b are used for transmitting digital information 
from peripherals coupled to the display terminal 402 in a reverse direction to processor 401. As 
shown in FIGS. 6a-b, immediately following the transmission of the forward direction re- 
synchronization pulses over all three twisted wire pairs 405a, 405b and 405c, the processor 401 
causes the first transmit/receive circuit 420 to reroute the first and second dual wire pairs 405a and 

20 405b to the receiver 4 1 0 in processor 410. The processor 401 also transmits a start blanking pulse 
STARTBLANK over the third wire pair 405. FIG. 6b shows the transmission of STARTBLANK 
over the third dual wire pair 405c. When received at the display 402, the start blanking pulse 
STARTBLANK causes the second transmit/receive circuit 430 to reroute the first and second wire 
pairs 405a and 405b to the transmitter 415 in display 402, thereby allowing digital data to be 

25 transmitted over these two dual wire pairs 405a and 405b. Digital data may then be serially 
transmitted from the transmitter 415 of the display terminal 402 to the receiver 410 of the 
processor 401 via the first and second twisted wire pairs 405a and 405b. 

As shown in FIGS. 6a and 6b, once the STARTBLANK signal is received at the display 
terminal 402, the display terminal 402 begins transmitting data over the first and second twisted 

30 wire pairs 405 in a reverse direction. The display terminal 402 will first transmit a 
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synchronization pulse in the opposite direction in order to ensure synchronization at the receiver 
4 1 0 ,n the processor 401 . The transmitter 41 5 in the display terminal 402 then begins serially 
transmitting digital data in a reverse direction over the first and second twisted wires pairs 405a 
and 405b to the receiver 410 in the processor 401 . The digital data is routed from any one of 
several peripherals which may be coupled to the display terminal 402. 

At the end of the blanking period, the processor 401 transmits a signal indicating the end 
of the blanking period END BLANK over the third wire pair 405c. The first transmit/receive 
circuit 420 once again reroutes the first and second dual wire pairs 405a and 405b to the 
transmitter 406 in the processor 401 When received at the display 402, the ENDBLANK signal 
instructs the display terminal to stop transmitting data in the reverse direction and the second 
transmit/receive circuit 430 once again reroutes the first and second twisted wire pairs 405a and 
405b to receiver 407 in the display terminal 402. The display terminal 402 switches into receive 
mode and prepares to receive the next transmission of digital pixel data over the first, second and 
tlnrd twisted wire pairs 405a, 405b and 405c. Accordingly, the third twisted wire pair 405c is 
used to signal when the blanking period begins and ends, and controls the transmission of data 
over the first and second twisted wire pairs 405a and 405b in the reverse direction. The 
transmitted clock signal provides the necessary frequency information to transmit the data in the 
backwards direction. In this embodiment, the backwards transmitted data has its own re- 
synchronization pulse which sets the phase of the data in the same way that it is for the forward 
direction. 

In a preferred embodiment, the clock signal in the processor 401 is used to control the 
receipt of digital data over the two signaling lines 405a and 405b in the reverse direction, as well 
as control the transmission of digital information over the third line 405c in the forward direction 
Alternatively, the display terminal 402 may have its own 'clock signal generator and one of the 
lines 405a or 405b may be used for transmitting a clock signal from the display 402 to processor 
401 in order to transmit digital data in a reverse direction at a different clock rate. 

The transmission of digital data in the reverse direction over the first and second twisted 
wire pairs 405a and 405b only takes place for a fraction of time. Accordingly, in a preferred 
embodiment, digital data which is to be transferred in the reverse direction from the display 
terminal to the processor is preferably gated or buffered in a first-in-first-out memory until the 
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horizontal or vertical video blanking periods occur. This allows the digital data to be accepted at 
any time from the peripherals and stored in the display 402 until it can be transmitted when the 
reverse channels are available. 

Although FIGS. 5 and 6 have described the preferred embodiment with reference to a 
system which uses TDMS communications and four twisted wire differential pairs, it is 
understood the embodiment is nearly identical in a system using LVDS and five twisted wire 
pairs. In such an embodiment, these wires pairs are then available for the reverse transmission 
with the fourth wire pair used for signaling those portions of the horizontal and vertical video 
blanking periods which may be used. The fifth wire pair would be used for transmitting a clock 
signal. 

FIG. 7 illustrates another preferred embodiment for implementing the present invention for 
convenience. For convenience, FIG. 7 illustrates the implementation over a single twisted wire 
pair, and it is understood that in a system utilizing TDMS communications all four twisted wire 
differential pairs may include the design set forth in FIG. 7 or in a system utilizing LVDS 
communications all five twisted wire differential pairs may include the design set forth in FIG. 7. 

As shown, a twisted wire pair 700, is coupled between the processor 701 and the display 
with built in hub system 702 for bidirectional transfer of information. Digital pixel data is 
transferred in a forward direction from the processor 701 to the display with built in hub system 
702 whenever a data enable signal is active. When digital pixel data is transferred in the forward 
direction, transistors XI and X2 in the processor 701 are activated as digital pixel data is applied 
to their gates, while transistors XS3 and XS4 remain inactive. Transistors XS1 and XS2 in the 
display are also activated, while transistors XR1 and XR2 are inactive. As the transistors XI and 
X2 in the processor 701 are activated, the voltages at the inputs to the amplifier AMP1 in the 
display with built in hub system 702 are modulated and the output from the amplifier AMP1 
reflects the changes in digital pixel data applied to the gates of transistors XI and X2. 

During the horizontal or vertical video blanking periods, after the synchronization pulse 
has been transmitted, the transistors XI and X2 in the processor 701 are turned off and the 
transistors XS3 and XS4 in the processor are turned on. On the display 702 side, the transistors 
XS1 and XS2 are each turned off, while the transistors XR1 and XR2 are activated as digital pixel 
data received from peripherals coupled to the hub system of the display 702 is applied to their 

12 



WO 00/14626 



PCT/US99/20839 



gates. As the transistors XRl and XR2 in the processor 701 are activated with digital pixel data, 
the voltages at the inputs to the amplifier AMP2 in the processor 702 are modulated and the 
output from the amplifier AMP2 reflects the changes in digital pixel data applied to the gates of 
transistors XRl and XR2. Digital data is thus transmitted in a reverse direction over the twisted 
wire differential pair until the end of the horizontal or vertical video blanking period. It is 
understood, that alternate embodiments may exist for transferring digital data in a reverse 
direction. 

FIGS. 8a-8c illustrate a preferred embodiment wherein digital data may be transferred in a 
reverse direction from the transmitter 41 5 in the display 402 to the receiver 410 in the processor 
401 . In this embodiment, the start and stop times of the switching are predetermined and last for a 
predetermined number of clock cycles. The structure of this embodiment may be identical to that 
shown in FIG. 5 or FIG. 7, except that in this particular embodiment, all three data lines 405a-c in 
a TDMS system (or all four data lines in a LVDS system) can switch orientation for a 
predetermined length of time. In order for all the data lines to be used for transmitting digital data 
in* reverse direction, the receiver 407 in the display 402 will include a counter which is coupled 
to the incoming clock signal from the dedicated clock line (line 405d in FIG. 4). This counter 
keeps track of the number of clock pulses which are transmitted over the dedicated clock line. In 
this embodiment the horizontal and video blanking periods are each of a known duration or length 
of time (which is measured in clock pulses) and transfer of digital data in a reverse direction is 
controlled by the clock signal. 

Immediately following the transmission of the forward synchronization pulse from the 
transmitter the processor 401 reroutes all three of the dual wire pairs 405a-c to the receiver 410. 
The forward synchronization pulse is then received at the receiver 407 in display 402. 
Immediately following receipt of the synchronization pulse, the display 402, reroutes all three 
twisted wire pairs 405a-c to the transmitter 415 and the reverse transmission of digital data can 
ensue. Preferably, a reverse synchronization pulse will be translated over each line to ensure 
synchronization of received data with the clock in the processor 401. 

In the preferred embodiment illustrated in FIGS. 8a-8c, the horizontal and vertical video 
blanking periods last for a predetermined number of clock periods and the display 402 includes a 
counter for tracking the number of clock signals received. FIG. 8d shows the clock pulse which is 
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transmitted from the processor 401 to the display 402 over a separate line. When last clock signal 
in the video blanking period is received the transmitter 415 in the display 402 stops transmitting 
digital data in a reverse direction and the display 402 reroutes the three signal lines 405a-c to the 
receiver 407 in display 402. Accordingly, FIGS. 8a-d illustrate that on the rising edge of the last 
clock pulse in transmitted during the video blanking period (horizontal or venial) the data 
transmission in the reverse direction stops over all three data lines. The processor then 
automatically reroutes the data lines 405a-c to the transmitter 406 in the processor 401, and the 
processor 402 will begin to transmit digital pixel data for a next line, or a first line in a next frame, 
to the display 402. 

Although digital data is only transmitted in a reverse direction during the video blanking 
period, the transmission rate and the number of blanking periods per second allow for most 
applications. In a preferred embodiment, the data rate for an XGA (1 024 x 768) display at 24 bits 
per pixel (8 bits per red, green and blue subpixels) and 60 Hz refresh is 142 MBytes per second. 
Accordingly, if the horizontal and vertical blanking periods are used for transmitting digital data 
in the reverse direction (with approximately 10% of the blanking period used for overhead to 
switch data flow direction) then a reverse data rate of 21 Mbytes per second can be achieved. 
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CLAIMS 

What is claimed is: 

1 • A method for communicating bi-directionally between a processor, a video display 
monitor, and at least one peripheral coupled to the video display monitor comprising the steps of: 
transmitting a first row of digital pixel data from the processor to the video display 

monitor in a first direction over a plurality of signaling lines when a data enable 
signal is in a first state; and 
transmitting digital data from the at least one peripheral to the processor in a second 

direction over at least one of the plurality of signaling lines when the data 
enable signal is in a second state. 

2. The method of claim 1 comprising the further step of transmitting a second row of 
digital pixel data from the processor to the video display monitor in the first direction over the 
plurality of signaling lines when the data enable signal returns to the first state. 

3. The method of claim 1, wherein the plurality of signaling lines includes a first line 
for transmitting red digital pixel data in the first direction, a second line for transmitting green 
digital pixel data in the first direction, a third line for transmitting blue digital pixel data in the 
first direction and a fourth line for transmitting a first clock signal in the first direction, and further 
wherein the first and second lines are used for transmitting digital data from the at least one 
peripheral to the processor in the second direction when the data enable signal is in the second 
state. 



4. The method of claim 3 wherein the third line is used to control the transmission of 
digital data from the at least one peripheral to the processor in the second direction when the data 
enable signal is in the second state. 

5. The method of claim 1 , wherein the plurality of signaling lines includes a first line 
for transmitting red digital pixel data in the first direction, a second line for transmitting green 
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digital pixel data in the first direction, a third line for transmitting blue digital pixel data in the 
first direction and a fourth line for transmitting a first clock signal in the first direction, and further 
wherein the first, second, and third lines are used for transmitting digital data from the at least one 
peripheral to the processor in the second direction when the data enable signal is in the second 
5 state. 

6. The method of claim 3 wherein the fourth line is used to control the transmission 
of digital data from the at least one peripheral to the processor in the second direction when the 
data enable signal is in the second state. 

7. The method of claim 3 wherein the number of clock pulses transmitted over the 

10 fourth line is used to control the transmission of digital data from the at least one peripheral to the 
processor in the second direction when the data enable signal is in the second state. 

8. A system for communicating bi-directionally between a processor and a video 
display monitor comprising: 

a transmitting unit within the processor for transmitting digital pixel data from the 
15 processor to the video display monitor in a first direction over a plurality of 

signaling lines, wherein the digital pixel data is transmitted from the processor 
to the video display monitor whenever a data enable signal is in a first state, 
and 

a receiving unit within the processor for receiving digital data transmitted from a 
20 peripheral coupled to the display monitor in a second direction over at least 

one of the plurality of signaling lines, whenever the further wherein the digital 
data it transmitted from the video display monitor to the processor when the 
data enable signal is in a second state. 

9. The system of claim 8, further comprising: 
25 a receiver within the display monitor for receiving digital pixel data transmitted from 

the processor to the video display monitor in the first direction over the 
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plurality of signaling lines; and 
a transmitter within the display monitor processor for transmitting digital data received 
from the peripheral coupled to the display monitor in a second direction over at 
least one of the plurality of signaling lines when the data enable signal is in a 
second state. 

1 0. The system of claim 9 further comprising: 

a first switching network coupled between the transmitting unit and the receiving unit 
in the processor for switching operations between the transmission of digital 
pixel data to the display monitor and the reception of digital data from the 
display monitor; and 

a second switching network coupled between the transmitter and the receiver in the 

display monitor for switching operations between the reception of digital pixel 
data from the processor and the transmission of digital data to the processor. 

11. The system of claim 1 0, wherein the plurality of signaling lines includes a first line 
for transmitting red digital pixel data in the first direction, a second line for transmitting green 
digital pixel data in the first direction, a third line for transmitting blue digital pixel data in the 
first direction and a fourth line for transmitting a first clock signal in the first direction, and further 
wherein the first and second lines are used for transmitting digital data from the display monitor to 
the processor in the second direction when the data enable signal is in the second state. 

12. The system of claim 11, wherein the third line is used to control the first and 
second switching networks. 

13. The system of claim 10, wherein the plurality of signaling lines includes a first line 
for transmitting red digital pixel data in the first direction, a second line for transmitting green 
digital pixel data in the first direction, a third line for transmitting blue digital pixel data in the 
first direction and a fourth line for transmitting a first clock signal in the first direction, and further 
wherein the first, second, and third lines are used for transmitting digital data from the at least one 
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peripheral to the processor in the second direction when the data enable signal is in the second 
state. 

14. The system of claim 1 3, wherein the fourth line is used to control the first and 
second switching networks. 

15. The method of claim 13 wherein the number of clock pulses transmitted over the 
fourth line is used to control the transmission of digital data from the at least one peripheral to the 
processor in the second direction when the data enable signal is in the second state. 

16. The system of claim 10, wherein the plurality of signaling lines includes four 
differential pairs which are used for transmitting red, green and blue digital pixel data in the first 
direction and a fifth differential pair for transmitting a first clock signal in the first direction, and 
further wherein the four differential pairs are used for transmitting digital data from the at least 
one peripheral to the processor in the second direction when the data enable signal is in the second 
state. 

17. The system of claim 16, wherein the first clock signal is used to control the first 
and second switching networks. 

1 8. The system of claim 17 wherein the number of clock pulses transmitted over the 
fifth differential pair in the first direction is used to control the transmission of digital data from 
the at least one peripheral to the processor in the second direction when the data enable signal is in 
the second state. 

19. The system of claim 10, wherein the plurality of signaling lines includes four 
differential pairs which are used for transmitting red, green and blue digital pixel data in the first 
direction, and further wherein the three of the four differential pairs are used for transmitting 
digital data from the display monitor to the processor in the second direction when the data enable 
signal is in the second state. 
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20. The system of claim 1 1, wherein the fourth differential pair is used to control the 
switching networks. 

21. A system for bi-directionally transferring digital data to and from a video display 
monitor, comprising: 

a processor for transmitting digital pixel data to the video display monitor in a first 
direction over a plurality of signaling lines, wherein the digital pixel data is 
transmitted from the processor to the video display monitor whenever a data 
enable signal is in a first state, and receiving digital data transmitted from the 
display monitor in a second direction over at least one of the plurality of 
signaling lines, wherein the digital data it transmitted from the video display 
monitor to the processor when the data enable signal is in a second state. 

22. The system of claim 21 wherein the display monitor includes a built-in hub system 
for coupling to at least one peripheral, wherein the hub system receives the digital data from the at 
least one peripherals and transmits the received digital data from the display monitor in a second 
is direction over at least one of the plurality of signaling lines to the processor when the data enable 
signal is in a second state. 

23 . A computer program product comprising: 

a computer useable medium having computer readable code embodied therein for bi- 
directionally transferring data back and four between a processor and a video 

display terminal, the computer readable code causing the processor to: 
generate a data enable signal capable of being in either a first state or a second state; 
transmit digital pixel data over a plurality of signal lines in a first direction toward the 

video display terminal if the data enable signal is in the first state; and 
receive digital data over the plurality of signal lines in a second direction from the 
video display terminal if the data enable signal is in the second state. 24. 

The computer program product of claim 23, wherein the computer readable 
code further causes the processor to: 
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transmit a clock signal over a dedicated line in the first direction toward the video 
display terminal. 
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